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METHODOLOGY

This guideline update was compiled according to the British
Society for Haematology (BSH) process at For Guidelines
writers and Taskforce Members (b-s-h.org.uk). The Grading
of Recommendations Assessment, Development and
Evaluation (GRADE) nomenclature was used to evaluate
levels of evidence and to assess the strength of recommenda-
tions. The GRADE criteria can be found at http://www.grade
workinggroup.org.

LITERATURE REVIEW DETAILS

A literature search was performed using the EMBASE and
MEDLINE databases using the following search terms:
‘tumour lysis syndrome’ and ‘tumor lysis syndrome’
from 01/10/2013 to 01/06/2024. Papers published in non-
English journals or non-human subjects were excluded
from review.

REVIEW OF THE MANUSCRIPT

Review of the manuscript was performed by the BSH Guidelines
Committee Haemato-oncology Task Force, the BSH Guidelines
Committee and the Haemato-Oncology sounding board
of BSH. It was also reviewed by the representatives from the
National Health Service England (NHSE) Patient Safety team
and Specialist Pharmacy Services (SPSs). These organisations
do not necessarily approve or endorse the contents.

SCOPE

In response to a reported incident of delayed administra-
tion of rasburicase, the NHSE Patient Safety team under-
took an analysis to answer the patient safety question, ‘Are
there wider issues relating to delayed or omitted adminis-
tration of medication to treat/prevent tumour lysis syn-
drome?’. Between September 2016 and January 2020, the
team identified 64 relevant reported incidents, of which 16
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were reported as being associated with harm. The analysis
identified several themes including a lack of staff knowledge
(medical, nursing and pharmacy) around the management
of tumour lysis syndrome (TLS), including the critical na-
ture of medications to prevent/treat this complication. It also
identified a lack of availability of critical medications to treat
TLS at ward and pharmacy level.

Our writing group was formed in response to this analy-
sis, to review the published literature and update the guide-
lines on the diagnosis and management of TLS in adults and
children with a haematological malignancy with particular
focus on patient safety. Where the guidance differs between
adults and children, for example, medication doses or fluid
infusion rates, this has been specifically stated in the text.

INTRODUCTION

TLS remains a life-threatening complication of haematologi-
cal cancer and is caused when large-scale destruction of ma-
lignant cells releases intracellular contents and electrolytes
into the bloodstream that overwhelm the normal physiologi-
cal mechanisms of clearance. This can occur spontaneously
in malignancies with a high proliferative rate (e.g. Burkitt
lymphoma) but more commonly occurs following the ad-
ministration of anti-cancer therapy.

Since the publication of the previous BSH guidelines
for TLS in 2015, there have been significant developments
in the management of haematological malignancies with
numerous novel targeted anticancer agents and immuno-
therapies. These represent important advances in therapy,
but some are associated with a higher risk of TLS, includ-
ing in diseases that previously would not have been con-
sidered high risk for TLS. We present an updated review of
the management of TLS with particular focus on practical
considerations to ensure patient safety and prompt drug
delivery.

DEFINITION AND
PATHOPHYSIOLOGY

The definition and pathophysiology of TLS remain un-
changed from the 2015 guideline: Management of TLS in
adults and children with haematological malignancies.

For completeness, we have reproduced the original defi-
nition of TLS? in Table 1 and TLS grading in Table S1.

RISK STRATIFICATION FOR TLS

Assessment of TLS risk is required for each patient prior to
starting any new line of therapy. It is important that risk
assessment considers patient and treatment factors in ad-
dition to disease risks. This combined approach will pro-
vide a personalised prophylactic strategy to mitigate the
risk of TLS.

TABLE 1 Definition of tumour lysis syndrome (TLS).

Laboratory TLS

The presence of two of more of the following abnormalities in a

patient with cancer or undergoing treatment for cancer within 3 days

prior and up to 7 days after initiation of treatment.

o Uric acid 2476 pmol/L or 25% increase from baseline

« Potassium =6.0 mmol/L or 25% increase from baseline

« Phosphate >2.1 mmol/L or 25% increase from baseline
(children)/>1.45 mmol/L or 25% increase from baseline (adults)

« Calcium <1.75mmol/L or 25% decrease from baseline

Clinical TLS

A patient with laboratory TLS and at least one of:

o Creatinine >1.5x ULN (age >12years or age-adjusted)
o Cardiac arrhythmia

« Sudden death

o Seizure

Source: Cairo and Bishop.?

TLS risk stratification requires consideration of the fol-
lowing factors:

1. Disease histology

2. Assessment of disease burden’

3. Patient-related factors, for example, renal dysfunction
or renal involvement, frailty, ability to manage prophy-
lactic strategies such as compliance with oral intake of
fluids*

4. Assessment of pre-existing spontaneous laboratory or
clinical TLS’

5. Treatment-specific therapeutic agents in certain diseases
have a higher associated risk of TLS, for example, vene-
toclax in chronic lymphocytic leukaemia (CLL), chimeric
antigen receptor T-cell therapy®™®

The disease-specific factors described in the interna-
tional expert consensus panel guidelines’ are still relevant
today and the TLS risk stratification flow charts from this
paper are summarised with small modifications in Table 2.
These highlight specific disease histologies and/or markers
of higher disease burden, for example, lactate dehydrogenase
(LDH)/disease stage/high white blood cell count (WBC)/
cancer mass >500g in adults or >300g/m? in children, that
are associated with a higher risk of TLS.'>"

Patient factors such as renal dysfunction and/or features
of pre-existing TLS (e.g. hyperuricaemia/hyperphosphatae-
mia/hyperkalaemia) will also influence the overall TLS risk
assessment. For example, an adult patient with acute lym-
phoblastic leukaemia (ALL), WBC <100 x 10°/L and normal
LDH would be classified as intermediate risk for TLS on
disease criteria alone. However, they would be ‘upgraded’ to
high risk for TLS if they had co-existent renal dysfunction or
other features of pre-existing TLS.

With the plethora of new therapeutic agents, further
consideration needs to be given as to whether any of these
‘upgrade’ a patient's risk.’ Venetoclax in the treatment of
CLL and acute myeloid leukaemia (AML) is a commonly
used example, but it is not possible to provide a compre-
hensive list of all novel agents within this guideline. It is
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TABLE 2 TLSrisk assessment for haematological malignancies in adults and children based on disease and staging.
Disease Modifying factors TLS risk®
Myeloma Alkylators/IMiD/PI/antibody Low risk
CAR T-cell and novel therapies including bispecific =~ Low-intermediate risk
antibodies
Chronic leukaemias Chronic myeloid leukaemia (chronic Low risk
phase)
Chronic lymphocytic leukaemia BTK inhibitors, alkylating therapies Low risk

Targeted and/or biological therapies e.g. venetoclax
WBC <100x 10°/L
WBC 2100x 10°/L
WBC <100x 10°/L

Acute leukaemias Acute myeloid leukaemia

Acute lymphoblastic leukaemia

Low-high risk
Intermediate risk
High risk

Intermediate risk

WBC 2100 x 10°/L and/or bulk® disease High risk
Lymphomas Low-grade lymphomas e.g. Hodgkin/small lymphocytic/follicular/marginal zone/MALT/mantle ~ Low risk
cell (non-blastoid variant)/cutaneous T cell
High-grade lymphomas (B & T cell’) e.g. Early stage (I/II) Normal LDH and Low risk
diffuse large B cell/mantle cell (blastoid non-bulky
variant or high Ki-67%)/transformed low LDH > ULN and/or Intermediate risk
grade lymphoma/anaplastic large cell bulky?®
lymphoma/ATLL
Late stage (III/IV) Normal LDH and Intermediate risk
non-bulky
LDH >2x ULN and/or High risk
bulky®
Burkitt lymphoma, lymphoblastic Early stage LDH <2x ULN Intermediate risk
Sl LDH >2x ULN and/or  High risk
bulky disease®
Advanced stage High risk

Note: The overall TLS risk can be further modified by patient factors, for example, presence of hyperuricaemia/hyperphosphataemia/hyperkalaemia or renal dysfunction/

involvement.

Abbreviations: ATLL, adult T-cell leukaemia/lymphoma; BTK, Bruton tyrosine kinase; CAR T cell, chimeric antigen receptor T cell; IMiD, immunomodulatory drug; LDH,
lactate dehydrogenase; MALT, mucosa-associated lymphoid tissue; PI, proteasome inhibitor; ULN, upper limit of normal; WBC, white blood cell count.

*Bulky disease is defined as a lymph node mass >10cm in diameter on cross-sectional imaging. In paediatrics, there will be adjustments dependent on the child's size.

®Excluding Burkitt lymphoma and lymphoblastic lymphoma.

vital for clinicians to keep up to date with published litera-
ture regarding the TLS risk in new therapies. Importantly,
trial reported rates of TLS may differ from the incidence of
TLS in the ‘real-world” population.'*™**

Recommendations

o Every patient with a haematological malignancy com-
mencing a new line of therapy should have a risk as-
sessment for TLS. This should be personalised and
include consideration of disease, patient and therapy
factors (2B).

o Ongoing vigilance for tumour lysis development is re-
quired in all patients as it can subsequently develop even
in patients initially deemed to be at low risk (2C).

PROPHYLAXIS OF TLS

Cases of TLS have been reported across a range of solid
and haematological malignancies, even in those who are

receiving radiotherapy or non-systemic therapy such as in-
trathecal chemotherapy,”” and thus measures to reduce risk
and incorporate monitoring strategies should always be con-
sidered. This includes those thought to be low risk.

Approaches to reduce the risk of TLS development
include:

1. Hydration;

2. Uricosuric drugs—allopurinol, febuxostat, rasburicase;

3. Disease debulking, for example, corticosteroids pretreat-
ment or dose escalation of therapy;

4. Patient education;

Avoidance of nephrotoxic drugs;

6. Monitoring.

v

Timing of the measures is also important, with the best
risk reduction occurring if measures are put in place prior
to definitive treatment of the malignancy, especially in
those cancers which have a high risk of spontaneous TLS.
Furthermore, decisions should be made as to whether a pa-
tient is suitable for outpatient strategies or requires hospital

85US017 SUOLILLIOD BAIFER1D) 3|edlidde au Aq pausenob a1e ssjoiie YO ‘s o S3In1 10y Afeiq 1 8UIIUO 8|1 UO (SUORIPUOD-PUR-SLUBY /W00 A3 | 1M Af.q 1 BUI|UO//STNY) SUORIPUOD PUe SWwie | 8L} 88S *[5Z02/60/ET] Uo Ariqiauliuo A8|IMm (Ul eAnge 1) 8anopesy Aq Z600L UlG/TTTT 0T/I0p/w0d A8 |mARiq1jeul|uo//sdny woiy papeojumod ‘0 ‘TyTZS9ET



TUMOUR LYSIS SYNDROME IN ADULTS AND CHILDREN WITH HAEMATOLOGICAL MALIGNANCIES

BRITISH JOURNAL OF HAEMATOLOGY

admission for either treatment to be given intravenously or
for more intensive monitoring strategies.

Hydration

Vigorous hydration and diuresis are a key part in prevent-
ing and managing TLS. Patients should be educated about
the importance of drinking 2-3L/day of fluids if possible
depending on renal function, equivalent to 2.5-3 L/m?*/day
in children, starting the day prior to the treatment. If nec-
essary, intravenous hydration should be used to meet these
targets, particularly in those at high risk for developing TLS.

Loop diuretics could be considered in those liable to fluid
overload, as this promotes potassium excretion through
urine and has fewer interactions (e.g. with allopurinol) than
other diuretics.

Potassium and phosphate supplementation should be
avoided.

Caution is required in patients with high count leukaemia
and low haemoglobin, as hyperhydration may cause further
haemodilution and exacerbate anaemia.

There is no evidence that alkalinisation of urine reduces
the risk of TLS as, while it increases the solubility of uric
acid, it does not increase the solubility of xanthine and hy-
poxanthine. Alkalinization decreases the solubility of Ca**
and PO, increasing the development of calcium/phosphate
crystals and renal dysfunction (Figure 1).

CELLULAR BREAKDOWN
CAUSING NUCLEIC ACID
RELEASE

Excess purine catabolism

HYPOXANTHINE

Xanthine Oxidase

Site of action of
allopurinol and
febuxostat

XANTHINE

Xanthine Oxidase

URIC ACID

Site of action of

Urate Oxidase <+— ;
rasburicase

ALLANTOIN

|—> Excreted in the urine

FIGURE 1 Mechanisms of action of xanthine oxidase inhibitors
(allopurinol and febuxostat) and exogenous urate oxidases (rasburicase).

Uricosuric drugs

The choice of uricosuric drug depends not only on the TLS risk
of the patient, but also on the urgency with which definitive
therapy needs to commence, potential toxicities of the agents
and pre-existing uric acid and phosphate levels. One should
also consider the dose of the uricosuric agent to give (Table 3).

Allopurinol can be considered in those with low or in-
termediate risk of TLS. The usual dose administered is
300mg daily orally although higher doses can be given
and there is an intravenous formulation (although not
often routinely stocked). This should be started at least
12h prior to definitive therapy. For children, allopurinol
should be given at a dose of 100 mg/m* 8-hourly. Caution
should be employed in those with pre-existing renal im-
pairment or in those who are taking diuretics or other
drugs that may potentially interact with allopurinol.
Prescribers should also be aware of the high incidence of
skin reactions with allopurinol.'®

An alternative xanthine oxidase inhibitor with fewer in-
teractions is febuxostat 120 mg daily for adults. The safety
and efficacy of febuxostat in children under the age of
18years has not been established and not currently recom-
mended in this guideline.

A phase IIT double-blind study randomising patients be-
tween febuxostat and allopurinol showed a more effective
reduction in uric acid levels in those taking febuxostat al-
though there was no difference in TLS rates between the two
arms."” A lower dose of 60 mg has been trialled successfully
in a randomised non-inferiority study with allopurinol in
the control arm for 100 patients with an intermediate or high
risk of TLS."® Allopurinol and febuxostat have demonstrated
similar efficacy in retrospective studies of 45 paediatric pa-
tients' and 78 adult patients.*® There is real-world evidence
for the use of even lower doses, for example, 10 mg, but these
studies involve a very small number of patients and, at this
point, this approach cannot be recommended outside a clin-
ical trial.” It should be noted that there have been safety re-
ports regarding hypersensitivity reactions with febuxostat,
and the Medicines and Healthcare products Regulatory
Agency (MHRA) cautions its use in those with pre-existing
major cardiovascular disease.*?

There have been cases of xanthine crystal formation
leading to xanthine nephrolithiasis and worsening renal
function in patients receiving allopurinol and febux-
ostat.”»** This is thought to occur as xanthine is less
soluble than uric acid. Xanthine levels are not routinely
measured in hospital laboratories but, if this complication
is suspected, management would include hydration, dis-
continuation of the xanthine oxidase inhibitor and switch-
ing to rasburicase.

We recommend the use of rasburicase for patients at high
risk of TLS, or in those who are at intermediate risk and can-
not take xanthine oxidase inhibitors, or in whom immediate
therapy is required and pre-existing urate levels are high.

Patients who may receive rasburicase for either TLS
prophylaxis or treatment should be tested for glucose
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TABLE 3  Uricosuric drugs used for the prevention of tumour lysis syndrome (TLS) in haematological malignancies.

Drug Indication Adult dose
Allopurinol Low-intermediate risk 300mg OD PO
TLS
Febuxostat Low-intermediate risk 120mg OD PO
TLS and unable to take
allopurinol
Rasburicase High-risk TLS or 0.2mg/kg OD licensed dose

intermediate risk TLS and
unable to take allopurinol
or febuxostat

may be sufficient for
prophylaxis

A single fixed dose (3 mg)

Paediatric dose Additional information

Skin reaction. Dose reduction in renal
impairment. Interaction with diuretics

100 mg/m? 8-hourly

Not recommended
in children

Hypersensitivity reactions. Caution if co-
existing cardiovascular disease

0.2mg/kg OD Affects uric acid levels ex vivo leading

to falsely low urate levels unless samples
kept on ice. Avoid in G6PD deficiency
due to the risk of haemolytic anaemia and

methaemoglobinaemia

Abbreviations: kg, kilogram; mg, milligram; OD, once a day; PO, oral administration; TLS, tumour lysis syndrome.

6-phosphate dehydrogenase (G6PD) deficiency, as rasburi-
case administration in at-risk patients can result in hae-
molytic anaemia or methaemoglobinaemia. This should
ideally happen at the time of diagnosis, in all patients, but
particularly in those whose ethnic origin suggests a signif-
icant probability of deficiency, that is, in people of African,
Mediterranean or Asian descent.”> However, this may be
challenging to achieve in practice, with one study demon-
strating only 18% of patients had G6PD historical screening
prior to the administration of rasburicase.*®

The licensed dose of rasburicase in adults and children
is 0.2 mg/kg/day for 5days as an intravenous infusion over
30 min; although there have been many low-quality stud-
ies exploring either single dose*” or single fixed dose strat-
egies. As per previous guidelines, in adults we recommend
that a single fixed 3 mg dose of rasburicase may be suffi-
cient as prophylaxis, with appropriate monitoring and a
further 3 mg dose given if necessary.”*** Lower doses have
been trialled in small case series.”® If a patient develops
clinical TLS on subsequent monitoring, then they should
be treated as having established TLS, which includes in-
creasing the dose of rasburicase to 0.2 mg/kg/day for up to
7 days in adults or switching to rasburicase if patients were
previously on either allopurinol/febuxostat. Escalating
rasburicase to treatment dose should also be used for pa-
tients who develop biochemical signs of TLS on subse-
quent monitoring.

In paediatrics, we continue to recommend using the li-
censed dose of 0.2mg/kg for up to 5days for prophylaxis in
patients who are high risk for TLS."

Rasburicase can affect uric acid levels ex vivo, leading to
falsely low urate levels and ideally samples post-rasburicase
should be sent to the laboratory on ice to prevent this
from happening if uric acid levels are required for clinical
decision-making.

It should be noted that while there is clear evidence
that rasburicase reduces the level of uric acid more quickly
than allopurinol, this has not translated into a lower rate
of renal impairment, albeit based on limited low quality
evidence.”

If rasburicase is given initially as a single dose, continua-
tion of prophylaxis with allopurinol can be considered and
can be recommenced 24 h after last rasburicase dose.*®

Disease debulking strategies

There is evidence in those high risk for TLS either due to in-
herent disease properties such as ALL or in those who are
having therapy that increases their risk for TLS for example,
venetoclax for CLL, that by treating beforehand either with
corticosteroids or alternative therapy such as obinutuzumab
or ibrutinib, the rate of TLS reduces substantially.”” Similarly,
stepwise dose escalation of those treatments that markedly in-
crease risk has also been employed to reduce severity of TLS.
Retrospective evidence for this strategy was demon-
strated in paediatric patients with ALL in two tertiary care
hospitals in South Korea. By comparing the incidence of
TLS in those who had prephase steroid treatment for at least
7days compared to those that did not, they found an 88%
reduction in the risk of TLS in those who had steroids.*® In
contrast, debulking strategies for AML have not been shown
to be beneficial, but this may perhaps be due to the differing
baseline risk of TLS between the two types of leukaemia.*
While there may be a theoretical rationale for leukapher-
esis reducing the risk of TLS in those with newly diagnosed
acute leukaemia with leucocytosis, this has not been borne
out by retrospective analyses.”>** We do not recommend
this strategy for reducing TLS risk due to lack of evidence.

Patient education

Patients should be counselled on the risk of TLS and the rel-
evant signs of symptoms prior to starting therapy. The need
for good oral fluid intake and advice to seek medical atten-
tion should they develop reduced urine output should be
emphasised. Education should also include the importance
of adherence to the prophylactic regimen and outpatient
monitoring schedule. This may include a need to stay local
to the treating centre for a specified period of time. In some
cases, this may require review at a specialty centre.

Avoidance of nephrotoxic drugs

A thorough review of the patient's existing medication
should be undertaken to consider those that may potentiate
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electrolyte abnormalities, for example, amiloride and other
potassium-sparing diuretics, those that may affect renal
vasculature such as non-steroidal anti-inflammatory drugs,
angiotensin-converting enzyme inhibitors/angiotensin re-
ceptor blockers, sodium-glucose cotransporter-2 inhibi-
tors or other potentially nephrotoxic drugs, for example,
metformin.*'

Monitoring

Monitoring forms a key part of TLS prophylaxis and should
be tailored to predicted risk. Blood tests, including renal
function, electrolyte levels (i.e. potassium, calcium, phos-
phate) and uric acid or urate levels, should be checked pre-
treatment and at least twice daily in patients at high risk of
developing TLS, increasing to up to four times a day in those
who are at very high risk, for example, those patients who
have high-risk disease and multiple modifying factors that
also increase risk for TLS.

Patients with high risk for TLS who are admitted should
have strict fluid balance monitoring, ensuring a good urine
output.

In addition to the recommendations above covering gen-
eral principles, some therapeutic agents with a high risk of
TLS have their own suggested strategies to assess and miti-
gate the risk, for example, venetoclax in CLL.*>*?

Recommendations

o Patients should be encouraged to drink 2-3 L fluid (chil-
dren: 2-31/m?/day) the day before, the day of and the
day after initiation of a new line of therapy. If patients
are at high risk for TLS or are unable to consume the
recommended amount, then they should be considered
for intravenous fluid (2C).

o All patients should be educated about the importance
of adequate hydration, avoidance of nephrotoxic drugs
and the signs of symptoms of TLS (2C).

« Patients with low risk of TLS: consider allopurinol for
the first 7 days of the first cycle of treatment (2C).

o Patients with high risk of TLS: consider intravenous hy-
dration. Consider prophylactic rasburicase, 3 mg may
be sufficient but may need to be repeated depending on
blood tests. Bloods should be monitored at least twice
daily but may be required up to 3-4x per day depending
on the clinical situation (2C).

o Patients with intermediate risk of TLS: Oral hydration
and allopurinol may be sufficient for these patients but
must be considered on a case-by-case basis, as some may
warrant a strategy as per high-risk patients (2C).

 Prophylactic uricosuric drugs should be prescribed and
administered prior to the treatment for the haematolog-
ical malignancy (2C).

o Debulking strategies may be helpful in reducing the risk
of TLS, such as prephase corticosteroids in patients with
DLBCL (20).

o Ensure clear communication to out of hours/on call
teams regarding patients who are at risk of TLS or are
being treated for TLS. This is particularly important
when patients are located in clinical areas less familiar
with the management of haematological malignancies
and TLS (2C).

TREATMENT OF ESTABLISHED TLS

A multidisciplinary approach is required to manage patients
with established TLS and should involve adult or paediat-
ric haematologists, nephrologists and intensive care physi-
cians to ensure optimal patient outcome. It is recommended
that patients are managed in an inpatient setting where the
wider team (including nursing staff, health care assistants
and pharmacists) have experience in managing haematology
patients and the complications of disease and chemotherapy.

Hydration and fluid balance

Vigorous hydration with intravenous fluid is an essential
component of TLS treatment. For adults, a rate of 3L/m?
should be initiated and the ongoing rate adjusted to main-
tain a urine output of 100 mL/m*/h. In children, a rate of up
to 4L/m” can be given, depending on renal function, clinical
and fluid status.

Electrolyte disturbances

In cases of TLS, the management of electrolyte disturbances
should follow local guidelines. In cases of hyperkalaemia, this
may include administration of nebulised salbutamol, intrave-
nous insulin and glucose solutions or oral potassium binders
such as patiromer, sodium zirconium cyclosilicate and cal-
cium resonium. Potassium must not be added to any intrave-
nous fluids administered. Caution should be exercised in the
administration of balanced crystalloid solutions, for example,
Hartmann's, Plasma-Lyte, as they also contain potassium.

Hypocalcaemia should be treated if a patient is symptom-
atic, for example, cardiac arrhythmias, seizures or tetany.
Hyperphosphataemia should be managed initially with in-
travenous hydration. Phosphate binders can be used to bind
dietary phosphate; however, their contribution in phosphate
reduction will be limited.

If hyperphosphataemia and hyperkalaemia are refractory
to medical treatment, kidney replacement therapy (KRT)
should be considered. Continuous cardiac monitoring may
also be considered in some cases.

Treatment of hyperuricaemia

We recommend treatment of hyperuricaemia associated
with TLS with rasburicase at a dose of 0.2mg/kg/day.
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This can be continued for up to 7 days (although 3-5days
is frequently sufficient) and the duration of treatment
is determined by clinical response and uric acid levels.
Allopurinol should be stopped when rasburicase is com-
menced and can be recommenced 24 h after the last dose
of rasburicase.

We recognise that there is considerable interest in using
lower doses, often reflecting cost considerations, with nu-
merous studies reporting using reduced doses of rasburicase
to treat TLS.

Many are retrospective studies that also include patients
at high risk of TLS (i.e. prophylaxis rather than treatment)
which complicates interpretation of the study results.**™*¢
One retrospective study”’ compared weight-based dosing to
fixed doses of 7.5, 6 or 3mg. There was no statistically sig-
nificant difference between the groups in terms of the pri-
mary end-point of uric acid normalization at 24 h, but some
patients required a further dose of rasburicase at 48 and
72h. However, relatively few patients received fixed doses,
for example, 3mg (Laboratory TLS n=18; Clinical TLS
n=15) compared to those who received weight-based doses
(Laboratory TLS n=126; Clinical TLS n=93). Moreover, pa-
tients who received lower doses of rasburicase had lower uric
acid levels, suggesting that the treating physicians only used
low fixed doses of rasburicase in less severe cases of clinical
TLS.

A few single-arm prospective clinical trials have reported
the results of using fixed doses of rasburicase. Yaman et al.*®
used a single fixed 7.5mg rasburicase dose in 36 patients
with laboratory TLS and 46 patients with clinical TLS. Most
cases occurred spontaneously rather than being treatment-
related and all cases of clinical TLS were related to kidney
injury. Seven patients in the cohort required haemodialysis
and one patient remained dialysis dependent after treatment.
Majumdar et al.*” gave 1.5 mg rasburicase to 61 patients (50
laboratory TLS; 11 clinical TLS). Eleven patients had kidney
impairment, of which three required haemodialysis. All pa-
tients recovered renal function. Other studies have suggested
using fixed doses of rasburicase that are stratified by weight
(e.g. 30-60kg 3 mg; 60-90kg 4.5 mg; >90kg 6 mg)*” or body
mass index (BMI) (Laboratory TLS: 3mg [BMI <30]; 4.5mg
[BMI >30] and clinical TLS: 6 mg [BMI <30]; 7.5mg [BMI
>30])°" albeit in smaller cohorts of patients. Interestingly,
one reported only 57% adherence to protocol, which may
relate to the complexity of their weight-stratified dosing pro-
tocol.”" This highlights the importance of a clear consistent
dosing policy to improve adherence.

In the paediatric setting, there is a lack of prospective
studies examining whether alterations in the recommended
dose of rasburicase can be used to treat established TLS, with-
out leading to decreased efficacy. A few retrospective studies
from low-middle income countries have been reported, as
the cost of rasburicase can be prohibitive in resource-limited
situations. Appaji et al.”® used a fixed dose of 1.5mg of ras-
buricase to treat 22 children with established TLS (6 clinical
TLS; 16 laboratory TLS). Of 22 children, 20 responded with
uric acid <8 mg/dL at 24 h, while the remaining two children
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required a further dose of rasburicase and responded follow-
ing the second dose.

However, other studies reported reduced efficacy, with
only 75% and 77.7%"* of patients successfully normalising
uric acid levels with lower doses of rasburicase. One study
reported 2 of 18 children suffering sudden death from spon-
taneous TLS, and this approach cannot be recommended in
a clinical setting where adequate resources are available.

Despite the interest in using doses of rasburicase that are
lower than that recommended by the manufacturer, there is
a lack of randomised clinical trial data to recommend this
approach.

In very unwell, acutely presenting patients, consideration
should be made to give rasburicase without waiting for a
G6PD result. This decision should be made by the consultant
with overall patient responsibility and following thorough
evaluation of the risks and benefits for the individual patient.

Regular clinical and blood monitoring

It is important to perform repeated measurement of serum
potassium, uric acid, phosphate, calcium and creati-
nine. The full set of blood tests is required every 6-12h.
However, in life-threatening electrolyte disturbances,
more frequent targeted electrolyte monitoring (e.g. po-
tassium in life-threatening hyperkalaemia) may support
clinical decision-making. Regular clinical reassessment of
the patient's fluid balance status and urine output is also
required to monitor response to therapy and guide ongo-
ing management.

Indications for KRT

Indications for KRT in TLS are in line with those for other
causes of acute kidney injury (AKI) and include hyper-
kalaemia, fluid overload and severe metabolic acidosis
that is refractory to medical management. However, the
threshold for KRT should be lower compared to other
clinical pathologies as tumour cell breakdown is ongo-
ing and the rises in serum electrolytes may be rapid and
unpredictable. As a result, in the context of AKI and/or
significant reduction in urine output, hyperuricaemia, hy-
perphosphataemia and hypocalcaemia that are refractory
to medical management should prompt early discussion
with nephrology or intensive care physicians for timely
consideration of KRT.

There is no available evidence to guide choice of intermit-
tent versus continuous KRT. Continuous KRT in an inten-
sive care setting should be considered in those patients who
are critically unwell or display haemodynamic instability.

Recommendations

« Patients with TLS should have vigorous hydration with
intravenous fluid, at an initial rate of 3L/m2/day for
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adults and up to 4L/m?/day for children, depending on
renal function, clinical and fluid status. The aim is to
maintain a urine output of 100 mL/m?/h in adults (1B).

o Treatment of electrolyte disturbances in TLS should be
initiated and managed as per local guidelines and pro-
tocols. If refractory to treatment, KRT should be con-
sidered. The threshold for KRT may be lower than other
clinical pathologies as tumour cell breakdown is ongo-
ing and the rises in serum electrolytes may be rapid and
unpredictable (1B).

o Adult and paediatric patients with established TLS (lab-
oratory or clinical TLS) should be treated with rasburi-
case 0.2mg/kg/day for up to 7days (although 3-5days
is frequently sufficient) with the exact duration based
upon clinical response (1B).

o Allopurinol should be stopped when rasburicase is com-
menced and can be recommenced 24 h after the last dose
of rasburicase (2C).

o Invery unwell, acutely presenting patients, consideration
may be made to give rasburicase without waiting for a
G6PD result. This decision should be made by the con-
sultant with overall patient responsibility and following
thorough evaluation of the risks and benefits (2C).

o Serum potassium, uric acid, phosphate, calcium and
creatinine should be measured every 6-12h. More fre-
quent targeted electrolyte monitoring may be required
to support decision-making (2C).

o Regular clinical reassessment of the patient's fluid bal-
ance status and urine output is required to guide ongo-
ing management (2C).

PRACTICAL CONSIDERATIONS
FOR TLS MANAGEMENT—WITH
EMPHASIS ON SYSTEM RISKS AND
PATIENT SAFETY

There have been serious incidents of harm where patients
with haematological malignancies have experienced delays
in receiving medication prescribed to prevent TLS. We have
collaborated with the NHSE Patient Safety team and SPS to
identify the contributory factors and mitigate against them.
The resulting SPS resource ‘Ensuring time critical use of
rasburicase’ is available on the SPS website.” A summary of
recommendations is listed below.

Recommendations: Drug availability/access

o Allopurinol must be available in all hospital settings
where it may be required (1B).

o Rasburicase (requires refrigeration) should be made
available in any clinical setting which regularly treats
patients who could require either prophylactic or treat-
ment doses of rasburicase (1B).

« Rasburicase should be available for patient administra-
tion within 1h of prescription (1B).

o All centres should consider the availability of rasburi-
case in emergency supply fridges (depending on local
arrangements of access to emergency medicines at the
centre as some hospitals may have an on-site out of
hours pharmacist). Both strengths of rasburicase (1.5
and 7.5mg/mL) should be made available and easily
accessible. Stock levels should be maintained at a suf-
ficient level according to local policy and clinical work-
load (1B).

o Healthcare professionals in all clinical settings across
the organisation should have an awareness and access
to information to support timely access to rasburicase.
There may be organisational policies/systems to support
healthcare professionals in obtaining all medications
required at the point of care (1B).

Recommendations: Prescribing and validation/screening

o Ensure that there is clarity in local policies and
clinical guidelines/protocols regarding indications
and appropriate dosing of rasburicase for the pro-
phylaxis and treatment of TLS. This minimises the
need for validation outside of the immediate clinical
team (1B).

o Regular training is required for all staff involved in the
care of patients at risk of TLS or who have developed
TLS (1C).

o Ideally, patients at high risk of TLS should be under the
care of a haematologist with experience of rasburicase
use, TLS management and managed on specialist wards
with experience in managing TLS, for example, haema-
tology, intensive care, renal wards (2C).

o If patients at high risk of TLS are managed in non-
specialist settings, it is important to ensure that pa-
tients receive the recommended monitoring and
therapies for TLS and their haematological malig-
nancy. Resources should be in place for at least twice
daily clinical review of patients including review of
laboratory results. The haematology team should pro-
vide medical, nursing and pharmacy oversight to sup-
port management (2C).

o Where rasburicase is used in a non-specialist setting,
organisational policy should ensure that risks associ-
ated with delayed treatment are highlighted, and ad-
ditional information and support provided on each
occasion (2B).

« Ensure healthcare professionals responsible for the pre-
scribing, supply and administration of rasburicase are
aware of the risks associated with delays to treatment
and when to escalate concerns (1B).

« Care must be taken to ensure that, where separate pre-
scribing systems are in use, TLS prophylaxis/treatment
is consistently prescribed on the most appropriate sys-
tem. This is particularly important when patients are
transferred from one clinical area to another (e.g. day
unit setting to a ward) (1B).
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CONCLUSION CONFLICT OF INTEREST STATEMENT

TLS remains an important cause of morbidity and mortal-
ity in adults and children with a haematological malig-
nancy. The 2015 BSH guidelines on the management of
TLS remain relevant, and overall strategies in prophylaxis
and treatment remain largely unchanged. Importantly, fe-
buxostat is now available for TLS prophylaxis in low- or
intermediate-risk patients. This may be useful for patients
who are allergic or have skin reactions to allopurinol al-
though it should be noted there have been MHRA warn-
ings about its use in patients with major cardiovascular
disease.

There is an increasing body of evidence to endorse the use
of a fixed 3mg dose of rasburicase for prophylaxis in high-
risk adult patients. However, there is insufficient evidence
to recommend dose reductions for the treatment of clinical
TLS and so we continue to recommend rasburicase 0.2 mg/
kg/day for up to 7 days for adults and children.

Rapid advances in therapeutics have been of undoubted
benefit to our patients, but highly effective novel agents caus-
ing rapid cell breakdown can increase the risk of TLS, which
needs to be recognised and managed effectively to ensure
patient safety. Consequently, risk stratification is essential
for all patients with haematological malignancy receiving
anti-cancer therapy. This requires meticulous consideration
of patient, disease and therapy factors to determine a per-
sonalised approach in TLS prophylaxis.

Despite this, cases of patient harm from delayed ad-
ministration of TLS therapy occur and frequently reflect
systemic risks in a healthcare system when specialist med-
ications are used in unfamiliar settings. This updated
guideline has been developed in conjunction with the
NHSE Patient Safety team and the SPSs to identify these
risks and provide additional recommendations to mitigate
against them.
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